The current Cataract National dataset of 55 567 cataract operations 8 performed in the UK over a >5-year period showed that >95% of patients were treated using local anaesthesia (LA). In the majority of these patients, ophthalmic nerve blocks were used: sub-Tenon (46.9%), peribulbar (19.5%), and retrobulbar (0.5%). Topical anaesthesia alone was used in 22.3%. 4.7% of patients were treated using topical anaesthesia with intracameral supplementation by the surgeon. For vitreoretinal surgery, the National Ophthalmology database has analysed 10 years of data covering 12 000 operations.
>95% of patients were treated using local anaesthesia (LA). In the majority of these patients, ophthalmic nerve blocks were used: sub-Tenon (46.9%), peribulbar (19.5%), and retrobulbar (0.5%). Topical anaesthesia alone was used in 22.3%. 4 .7% of patients were treated using topical anaesthesia with intracameral supplementation by the surgeon.
For vitreoretinal surgery, the National Ophthalmology database has analysed 10 years of data covering 12 000 operations. 9 A significant shift was noted in clinical practice over that period, moving away from the use of general anaesthesia. By 2010, 59.1% of these operations were performed under LA compared with <5% a decade earlier. Sharp needle techniques (retrobulbar or peribulbar blocks) were used in 45.8% and blunt needle techniques (sub-Tenon blocks) were used in 54.2%. General anaesthesia was more likely for primary scleral buckle surgery, combined or repeat procedures for retinal detachment surgery, and complex vitrectomy surgery. However, a wide variation still exists between centres.
Clinical anatomy
A detailed understanding of orbital anatomy is required to avoid inadvertent damage to important ocular structures with the associated risk of permanent visual impairment.
The bony margins
The orbit is a pyramid-shaped cavity with its apex lying posteriorly. The medial walls of each orbit lie parallel to one another and are separated by the nasal cavity; the lateral walls lie at 90 to each other. The length from apex (optic foramen) to base (orbital rim) is 50 mm; the cavity has a volume of 30 ml.
Key points
• Avoiding damage to vital ocular structures and the attendant risk of permanent visual impairment relies on a clear understanding of orbital anatomy.
• Specific preoperative considerations need to be taken into account before institution of a regional technique for ophthalmic surgery.
• Anticoagulants and antiplatelet agents should usually be continued in the perioperative period for surgery with low-risk of bleeding.
• Intra-conal needle placement increases the risk of globe perforation, particularly if the patient is myopic.
• Examples of commonly used local anaesthetics include proxymetacaine 0.5% for topical application or lidocaine 2% for local techniques.
• The origins of ophthalmic anaesthesia date back to 1884 when Carl Koller 1 applied cocaine drops directly to the surface of the eye. His contemporaries provided early descriptions of retrobulbar 2 and sub-Tenon 3 anaesthesia. Variations of these approaches have since been described. [4] [5] [6] In 1986, Davis and Mandel first published their peribulbar injection.
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• This article reviews clinical ocular anatomy and brings the reader up to date with the common nerve block techniques associated with ophthalmic surgery.
Editorial decision November 27, 2016; Accepted: December 8, 2016 Tenon's fascia surrounds the eyeball. It arises from the corneo-scleral junction (the limbus), fuses posteriorly with the dural sheath of the optic nerve and separates the globe from the intra-and extra-conal fat which surrounds the ocular muscles. The extra-ocular muscles and nerves penetrate this fascia. Tenon's fascia creates a potential space around the eye into which local anaesthetic can be placed, allowing diffusion of drugs to nerves that innervate the eye and its muscles as they pass through the fascia.
The muscles
These consist of levator palpebrae superioris and six extraocular muscles: the four recti (superior, inferior, lateral, and medial) and two obliques (superior and inferior).
The recti arise from a fibro-tendinous ring (annulus of Zinn) surrounding the optic foramen and inferior part of the superior orbital fissure (Fig. 1) and insert into the sclera anteriorly.
A narrow inter-muscular membrane connects the recti in a circumferential band anteriorly, so an incomplete fibromuscular cone is formed. This allows the infiltration of small volumes (3-5 ml) of local anaesthetic into the small intra-conal space (via retrobulbar injection); blocking the nerves which pass through it. Extra-conal, or peribulbar, injection requires larger volumes (5-15 ml) which diffuse intra-conally to effect neural blockade. 10 The superior oblique arises near the origin of the superior rectus muscle, outside the annulus of Zinn.
The inferior oblique is the only extra-ocular muscle to have an anterior origin at the infra-orbital rim.
The levator palpebrae superioris arises extra-conally from the sphenoid, becoming a broad tendon before inserting into the tarsal plate in the upper eyelid and its overlying skin.
The nerve supply

Sensory innervation
The optic nerve leaves the globe posteriomedially, passes through the orbit and exits via the optic foramen. It is vulnerable to injury, particularly with long (38 mm) retrobulbar needles or if the retrobulbar injection is made with the eye held looking upwards and inwards.
Sensory innervation is provided by the ophthalmic branch of the trigeminal nerve. Its three branches, lacrimal, frontal, and nasociliary, pass through the superior orbital fissure.
The nasociliary nerve provides sensation to the cornea, perilimbal conjunctiva, and superionasal peripheral conjunctiva. It passes intra-conally, supplying the long and short ciliary nerves.
The lacrimal and frontal nerves provide sensory supply to the remaining peripheral conjunctiva. They pass extra-conally, so may be missed by intra-conal blockade.
Inhibition of nerve conduction in the sensory elements of the ophthalmic branch of the trigeminal nerve provides corneal or conjunctival anaesthesia, including blunting the corneal reflex.
Motor innervation
The oculomotor and abducens nerves enter the orbit via the superior orbital fissure, pass within the cone and supply the recti at their intra-conal surfaces; the trochlear nerve follows an extra-conal path. Intra-conal injection may result in trochlear sparing with consequent inadequate akinesis of the superior oblique muscle.
Inhibition of nerve conduction in the motor components of cranial nerves III, IV, and VI provides akinesis.
Applied physiology
Intra-ocular pressure (IOP) Normal IOP is 10-20 mm Hg. Three factors effect IOP: changes in intraocular contents (in particular, the balance between aqueous humour production and its drainage), scleral rigidity, and external pressure on the eye.
Regional anaesthesia can affect the IOP by mechanisms related to external compression: LA injectate volumes; the use of gentle external pressure-digital or by a compression device (e.g. Honan balloon limited to 30 mm Hg)-to improve spread, reduce chemosis or control bleeding. However, care should be taken to avoid ocular massage as this may markedly increase IOP to >400 mm Hg. 11 General anaesthesia can also effect IOP directly: the use of N 2 O should be avoided where an intraocular gas bubble (air, SF 6 , or C 3 F 8 ) has been used to tamponade retinal tear repair as this will lead to transient intraoperative intra-ocular gas bubble expansion, elevated IOP, and increased risk of retinal ischaemia. The risk remains during subsequent general anaesthetics until the gas bubble has been completely absorbed, which can be confirmed by an ophthalmologist. Gas bubbles may last up to 3 months if longer acting agents (e.g. C 3 F 8 ) are used.
Oculo-cardiac reflex
This is a parasympathically mediated bradycardia that occurs as a result of globe compression or extra-ocular muscle traction. Afferent signals pass via the trigeminal nerve to the medulla. Efferents pass via the vagus nerve to the sino-atrial node. Its effects are most common in paediatric patients, especially during strabismus surgery. Treatment includes immediate removal of stimulus, anticholinergics, deepening anaesthesia, and, rarely, CPR. LA reduces the incidence by blocking the afferent limb.
Specific preoperative considerations
These are shown in Table 1 .
Anticoagulants and antiplatelet drugs
Current joint guidelines from the Royal College of Anaesthetists and Royal College of Ophthalmologists 12 suggest that anticoagulants and antiplatelet agents should be continued in the perioperative period for patients undergoing cataract operations as day patient surgery. Normal therapeutic targets should be maintained 13 as the risk of bleeding is outweighed by the increased risk of significant thrombotic events (stroke, myocardial infarction, or death). The targets range from International normalised ratios (INRs) of 2.5 for thromboembolism, atrial fibrillation, antiphospholipid syndrome and cardiomyopathy to 3.5 for patients with mechanical heart valves who are at highrisk of thrombogenicity. Topical anaesthesia with, or without, intracameral injection further minimizes risk particularly where higher INR targets are desirable. In more complex surgery, such as vitreoretinal, glaucoma, or oculoplastic surgery, there is a lack of clear evidence to guide perioperative management. However, where haemorrhage may compromise the surgical outcome a multidisciplinary approach (including haematologists and treating physician) should be adopted and a consensus of opinion sought. The aim is to minimize both the increased risk of thrombotic events associated with an interruption to usual therapeutic antithrombotic therapy, and surgical complications. This may include a perioperative bridging plan and postoperative re-anticoagulation strategy.
In patients who have had recent therapeutic cardiac intervention and are on dual antiplatelet therapy the normal guidelines 14 for postponing elective surgery should be considered.
Preoperative fasting and medication
If general anaesthesia or sedation is required, then routine fasting guidelines should be adhered to. However, if sedation is used in low doses for anxiolysis, then the RCoA suggests fasting is not required. 15 For LA alone, patients should continue their usual diet and medication. This improves patient comfort, compliance, and avoids complications, such as hypoglycaemia in diabetics. 
Contraindications to regional anaesthesia
Injectable drugs
Local anaesthetics may be used singularly or in combination. The injectate should be tailored to achieve anaesthesia for the likely surgical duration and early postoperative analgesia. Table 2 provides examples of local anaesthetics. A commonly used mixture is a 50:50 solution of 0.5% levobupivacaine and 2% lidocaine, which provides rapid onset combined with longer duration of action, up to 3 h. This would ensure adequate anaesthesia for the majority of ocular surgery, and provide postoperative analgesia. If required, the surgeon can supplement the block intraoperatively.
The action of local anaesthetics can be modified by the addition of hyaluronidase. This enzyme causes the hydrolysis of hyaluronic acid, a glycosaminoglycan molecule which forms part of the extracellular matrix. It facilitates both speed of onset and quality of the block. It has been used in a range of concentration from 5 to 70 iU/ml.
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Patient positioning
Patients should be comfortably positioned and appropriately padded to minimise risk of patient movement during surgery. The supine position is suitable for the majority of patients. Adaptations to improve comfort include:
• A right-angled bar, clamped at the concentration of the patients' shoulder, allows tenting of drapes over the patient Ophthalmic surgery to reduce the likelihood of CO 2 retention, humidity, and feelings of claustrophobia.
• A pillow placed behind the knees, supporting them in flexion, provides comfort to the lower limbs and back.
• O 2 delivery by nasal prongs or modified right-angle bar with perforations in the horizontal strut providing a diffuse O 2 supply. This may also help to washout CO 2 from under the drape.
• Patients can be given a squeaky ball to squeeze allowing a clear signal if they need to cough or move.
• Topical anaesthesia can be applied to the non-operative eye to reduce the blink reflex.
Modified positions for patients unable to lie flat depend on surgical preference. Examples include:
• Seated. Using a reclining surgical chair in an upright position.
• Reverse Trendelenburg. Patients lie supine with the table at the limit for this position. Surgeon may operate standing or seated to the side of patient.
Patient monitoring
The Association of Anaesthetists of Great Britain and Ireland (AAGBI) recommends minimum standards 18 regardless of the anaesthetic technique used. This includes the use of routine monitoring: electrocardiogram, pulse oximeter, and non-invasive blood pressure; additionally, capnography should be considered particularly when sedation is used. Appropriately trained staff should be present throughout the duration of anaesthesia.
If LA alone is used, the patient should be monitored by a suitably trained staff (not necessarily an anaesthetist). If i.v. sedation is used, an anaesthetist and trained assistant must be present. 15 
Sedation
The aim is anxiolysis, without deep sedation, as patients are at risk of moving if they suddenly wake. To prevent over sedation 
Information for patients
An explanation of events and reassurance should be given during the preoperative visit and further reassurance during surgery, as required. Pertinent to ocular blocks, the patient should be informed that they might experience seeing unusual shapes, shadows, or a kaleidoscope effect of colours in the operative eye.
Eye preparation
The eye is topicalized with the application of local anaesthetic to the fornix, and sterilized with povidone-iodine 5% aqueous solution. These are applied in drop form. The patient can be asked to blink to encourage spread across the whole surface of the eye.
Anaesthetic techniques
Choice of anaesthetic technique
The mode of delivery is determined by surgical requirement, patient choice, and suitability. Cataract surgery is commonly performed under sub-Tenon injection or topical anaesthesia. These techniques provide suitable operating conditions whilst 
Topical anaesthesia
Instillation of LA is the predominant method for facilitating pain-free conditions for cataract surgery in the UK. A number of drugs may be used. These include oxybuprocaine 0.4%, proxymetacaine 0.5%, tetracaine 0.5%, or lidocaine 3.5% and can be administered in drop or gel form. The eye is prepared by the application of a few drops of the local anaesthetic to the conjunctival sac, 5-10 min before surgery. Corneal epithelial damage can be caused by exposure to LA (most marked with tetracaine). However, it is usually reversible and keratopathies are rare despite the common use of local anaesthetics. 19 Topical anaesthesia blocks the trigeminal nerve terminals in the cornea and conjunctiva only. It does not provide anaesthesia to the intra-ocular structures nor akinesia of the globe. Patient-perceived pain during topical administration is the lowest of all modalities, however patients are most likely to complain of intra-operative pain via this route.
Sub-Tenon injection
Following topicalization of the eye, a Barraquer speculum is inserted to keep the eye open. The patient is asked to look 'up and out' and hold that gaze in order to best expose the inferonasal quadrant. Although any quadrant can be used, the inferonasal approach (Fig. 3) avoids the insertion of the oblique muscles and surgical site. 20 Avoiding conjunctival blood vessels and any pterygia, non-toothed forceps are used to take a bite of conjunctiva and Tenon's fascia 5-10 mm from the limbus in the exposed region. A small cut is made with Westcott scissors to expose the underlying white scleral layer. These round-tipped scissors are then passed, with the blades closed, around the globe to create a passage. The sub-Tenon's needle, attached to a syringe, is passed through the passage following the contour of the eyeball until the syringe is vertical. Local anaesthetic is then injected posterior to the equator of the globe. 3-5 ml of solution should achieve good anaesthesia and early akinesia. Some practitioners recommend the use of gentle pressure to the closed eye to encourage spread of the solution and reduce chemosis. Sub-Tenon anaesthesia is used in cataract surgery and vitreoretinal surgery, trabeculectomy or treatment of strabismus. Some clinicians advocate two quadrant injections (inferonasal, 5 ml; superotemporal, 5 ml) for more invasive procedures such as vitrectomy.
The sub-Tenon route uses a blunt cannula technique which reduces the risk of serious complications of retrobulbar haemorrhage and globe perforation. It provides excellent anaesthesia and akinesis. Compared with sharp needle techniques, sub-Tenon block is the least painful injection method. However, the incidence of chemosis or subconjunctival haemorrhage may be higher. Although performance of a sub-Tenon's block requires some dexterity in the handling of surgical instruments, most practitioners develop competence after about 60 blocks. 21 
Peribulbar injection
This term implies extra-conal injection of local anaesthetic. Following topicalization and sterilization, with the eye in neutral gaze, a perconjunctival puncture is made in the far inferotemporal corner of the eye (Fig. 2) . The needle is passed posteriorly, parallel to the floor of the orbit until it is estimated to lie beyond the equator of the globe. A volume of 5-10 ml of local anaesthetic is injected after negative aspiration. Patients may complain of pressure like headache that subsides within minutes.
Classically, this block was described as two injections. The first, perconjunctivally, at the junction of the lateral 1/3 and medial 2/3 of the lower orbital rim. A second perconjunctival injection is made medially between caruncle and medial canthus. At a depth of 15-20 mm, a further 3-5 ml of local anaesthetic is injected. To minimize the risk of injecting into the medial rectus muscle with this injection, the needle can be angled towards the upper medial quadrant. Alternatively, percutaneous puncture sites can be used.
Peribulbar block provides similar concentrations of akinesis and anaesthesia as sub-Tenon injection. However, subconjunctival haemorrhage and chemosis are less likely. Patient perception of pain on injection suggest that peribulbar block is better tolerated than retrobulbar injection but less than sub-Tenon injection.
Retrobulbar injection
This implies intra-conal injection of local anaesthetic. Using a percutaneous or perconjunctival puncture at the junction of the lateral 1/3 and medial 2/3 of the lower orbital ridge, the needle is passed parallel to the orbital floor. When the tip is estimated to have passed the equator of the globe the needle is angled medially and superiorly to 45 and passed posteriorly to enter the intra-conal space. Following negative aspiration, 2-4 ml of local anaesthetic is injected. Proptosis of the eye may be noticed on injection. Intra-conal needle placement increases the risk of globe perforation, particularly if the patient is myopic. Optic nerve injury is also more likely, especially if the eye is held in upward gaze rather than in the neutral position.
Retrobulbar injection presents the highest risk of serious complications and is least well-tolerated by patients on administration. However, akinesis may be better than peribulbar or sub-Tenon injection. Intra-operative pain experienced by patients is similar to those having sub-Tenon blockade for primary vitreoretinal procedure; although it may be superior on repeat vitreoretinal surgery or where scleral buckle placement limits the sub-Tenon procedure. 
Intracameral injection
This is performed by the surgeon intraoperatively. It involves the direct injection of drugs into the anterior chamber of the eye. Preservative-free lidocaine 1% is used. This technique ameliorates the pressure effects of hydro-dissection (used during phacoemulsification cataract surgery), which can be uncomfortable and not blocked by topical anaesthesia alone. Pain relief is rapid.
Complications of regional anaesthesia
Serious complications (Table 3) (sight-or life-threatening) are very rare (0.07%), with sharp needle techniques being associated with a 2.5-fold increased risk compared with the sub-Tenon technique. 8 
Conclusion
The role of LA and the anaesthetist is changing. The advancement of surgical techniques for cataract surgery with the use of small, self-sealing incision sites, foldable lens technology and reduced requirement for akinesia has allowed for the evolution of anaesthetic techniques. Current data suggests that either topical anaesthesia with intracameral injection, or sub-Tenon's is the most common choice for this type of surgery. It is likely that the number of these operations performed using topical anaesthesia will increase so more anaesthesia may be provided by the surgeon with less need for an anaesthetist. In vitreoretinal surgery, local anaesthetic injection techniques are now the most common choice. Despite wide variation between centres, the majority of operations are currently performed under local anaesthetic injection with anaesthetists inserting the majority (72%) of these blocks. Within this field of ocular surgery, the role of LA and the anaesthetist continues to be an important one so the need for thorough knowledge of anatomy and physiology remains vital for the safe performance of orbital regional anaesthesia.
Online videos
The videos associated with this article can all be viewed from the article in BJA Education online.
